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rifled surface. This would seem to indicate that by some means a fold in the metal had taken place at this point and that in forging it out the phosphide areas had been distorted to the same extent as the surface of the fold.
In photographs of test piece No. 3 is shown a face cut normal to the direction of forging. In all specimens cut in a similar direction there is always the same evidence of ingot structure or primary crystallization, which is indicated by the appearance of the white interpenetrating lines as shown. This crystallization was produced at the time of the passage of the metal from the liquid to the solid state and during the cooling from the temperature of solidification to about 700° C. This is characteristic of ingot crystallization.
Subsequent heat treatment and forging should have completely eliminated all traces of this, and its presence is an indication of faulty manipulation. Further evidence of faulty heat treatment is found in the microstructure of the steel.
Examination of sections in the vicinity of the crack showed many fine cracks, slag inclusions, and carbonless areas. The cracks led to slag, and where the slag was found there were also found decarbonized areas. Photograph No. 40 shows a crack ending in slag and surrounded by decarbonized iron. The course of the slag was quite irregular, as shown in photographs Nos. 41 and 42.
That the slag originated and was folded into the metal during the process of forging rather than during the manufacture of the steel is indicated by the fact that it is strongly oxidizing in character. If it had originated at the time of making the steel, and had then burned out some of the carbon, there would still have been plenty of time for more carbon to have diffused back into these areas. It is found here, however, surrounded by free ferrite along the slag lines, as shown in photograph No. 43 and in photograph No. 44, in which is shown an isolated slag spot surrounded by free ferrite, and this in turn by the normal structure.
Examination was made of the surfaces normal to the lands and grooves of the rifling, and there was no evidence of hardening